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considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 
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Claims 
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Inventive step (IS) 


Yes: 


Claims 
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Claims 
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Industrial applicability (lA) 
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Claims 
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Cone, s ction V: 



0) 

As acknowledged in the description, on page 3, I. 1-20 of the description, Afunctional 
ligands for simultaneous binding of cations and anions are already known. Present 
claim 1 now defining in a broader manner than originally a method of extracting both 
the cations and anions of a metal salt from an aqueous medium by contacting it with 
such bifunctional ligand is not considered novel or is at least not inventive in view of the 
cited prior art on page 3 of the application. 

Claim 1 does not therefore fulfil the requirements of article 33(2) or (3) PCT. 
(2) 

The above cited prior art in the application apparently does not suggest the effective 
multiple use of such ligands after binding cations and anions from aqueous media and 
selectively stripping and recovering them from the thus obtained complex. 
DE-A-3607982 (D1) cited in search report apparently does not disclose the use of 
bifunctional ligands and the formation of a complex with all three of them. D1 moreover 
uses onium salts the cations of which form with anions of the aqueous phase non 
soluble salts in the organic phase and the anions thereof form with the cations of the 
aqueous phase soluble salts which are precipitated. 

The use of such bifunctional ligands with the purpose of recovering the cations and 
anions from an aqueous medium and upon stripping recovering the ligand for reuse as 
defined in present claim 2 can be regarded as a novel and inventive concept. 

Claim 2 in combination with claim 1 and dependent claims thereon 3-1 1 would 
therefore fulfil the requirements of article 33(2) and (3) PCT. 
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Field of the invention > ' . • . 

5 This invention relates to the extraction of metal salts from aqueous 

solutions. More specifically it relates to methods for extracting metal cations and 
^•>^«M4ifc.*eir.asaoqated anions .which. avojd returning i any ;jonte spades to the solution, . , . 
■ r '*' thus ieaving the acidity of the solution unchanged and purifying it by ^eionisation. 

Methods according to the : invention are of use particularly (though not ( 
10 exclusively) in waste remediation and in the recovery of metals from primary 
sources. , 

is Two main methods are currently used for the extraction of metallic ions . t 

from solution. Both involve the use of an extractant reagent: in the first method 
this is mixed with the solution from which the metal ions are to be removed 
("solvent extraction"), and in the second it is immobilised on a solid support. 

26 V M "" : " Current solvent extraction technology is based on a system; in which an 

acidic extractant is used to remove a metal cation from an aqueous feed stream. , 
The metal n* cation is replaced by n protons and the anion is left in the solution. 
The overall effect on the feed stream is to replace a metal salt MX with a mineral 
acid HnX and this leads to an increase in the acidity of the aqueous feed stream. 

• ■ • ' " • This type of reaction is widely used for the extraction of copper f rorri oxidic 

ores, the acid introduced into the stream reacting with insoluble metal oxides to r . , 
give soluble metal salts. Indeed, this reaction scheme is particularly suited to the 
extraction of metals from metal oxides since the overall reaction has a perfect ' 

30 mass balance equation: 
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phenolic protons are^en displaced and protonate the nitrogen atoms of the 
tertiary amine groups, producing a positively charged binding site for the anion. 
The precise binding mech nism for the Type I ligands has yet to be elucidated. 

^'•^•^!jl|j#^t.U5e.!Qf. either class'bf ligand Is effectiye !t6; : re^pve ,bqth. thej.cations arid 
anions of a metal salt from the feed stream. When decontamination of the feed 
stream is the sole aim, removal of the metal salt may be regarded as an end in 
itself. In most cases, however, it is desired to extract the cations as elemental 
metal, and indeed this is the primary aim of ore extraction methods. A major 
10 advantage of the method of the invention is that the anion may also retrieved; for 

^'-^ 5 ^|llinstancerthe anion i (such ais sulphate) may bej precipitated .as^an ammonium salt, 
which may then be used as fertiliser. As a result, this ligand is regenerated in 
unbound form, and may be recycled for future use. 

is The method of cation and anion precipitation depends on the class of 

iigand. For Type 1 ligands, contact with an aqueous ammoniacal solution 
WS^If^flllwhatest.an ! ammbniacal fsolution' "of the>etal5sairf^m-s^c^: s th5^^l .can be 
electrolysed. The electrolysis step produces metal and acid. Continual addition 
of ammonia to the system is required to neutralise the acid produced, and a by 
20 product of the reaction is an ammonium salt. For Type II ligands, the metal 
cation may also be recovered by contacting with strong acid. The metal cation 
M n * in the hydrocarbon solution is replaced by n protons generating the 'acid' 
^^i^^lorrrrof.'ine reagent LhT n X[ This allows !e)ectrplysisf 6f : =the jrrjetal from, an acidic 
medium. The resulting solution is then contacted with ammonia, solution, 
25 regenerating the reagent L and producing an ammonium salt as a by product. 

In each case the overall reaction is the same. The overall mass balance 
for this system is: 

30 r 

In a waste remediation application, for example removal of metal salts 
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from acid drainage streams, the overall mass balance is: 



MSO4+ H 2 0 + 2NH3 + Power = M+ (NH 4 )2S0 4 + T40a 



5 The Type 1 ligands are known in the literature, though not for the purpose of 
5;iM!removing -;metal salts from-; 'aqueous- splutlq^-asijiiAlhe^jRnlsej^t invention; their 
synethesis will therefore not be described herein. To illustrate the' efficacy of 
ligands of this type in removing metal salts from aqueous solution, a 0.1 M 
solution in toluene of Type I ligand (R1 = R 2 = R 3 = -CH 2 CH 2 -; R^RsfCgHig) was 
10 contacted with an 0.1 M aqueous solution of nickel sulfate. A light blue toluene 
solution was formed, analysis of which showed that approximately 80% of both 
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Detailed description 

The invention is described hereinafter in more detail with reference to the 
synthesis and activity of various ligands of the Type II formula. The following is a 



^jpH I vriepresentatiye sample of various dtff erentiType • llrligaqdssi ■ * - 
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23 
CLAIMS 



1. A method of extracting both the cation(s) and anion(s) of a metal 
5 salt from an aqueous medium, the method comprising the step of contacting the 
r : j gq Ueous medium with a Afunctional ligand capable of binding <both. said cation(s) 
and said anion(s)so as to. form, a complex comprising said ligand and said 
cation(s) and anion(s). 

10 2. A method according to claim 1 , further comprising the steps of: 

selectively stripping and recovering said cations(s) and said anions(s) from said 
^•^|pf r j ^li^.^rTiplexHand recovering s ;said ligand, ? free: of ^ for i j$ 

future use. 

15 3. A method according to claim 1 or claim 2, wherein the ligand has a 

greater affinity for a water-immiscible extraction medium than it does for said 
aqueous medium, the method involving the steps of: adding a said water- 
lSf -ffM^ |||^^mmjscible^ : i extraction 1 medium! to said ^aqueous rm^ium;1 whereby . said ligand • k' 1 i f 
with said cation(s) and said anion(s) bound thereto is partitioned preferentially in 
20 a water-immiscible phase; and separating said water-immiscible phase with said : - 
ligand-bound cation(s) and anion(s) therein from said aqueous medium. 

. 4. A method according to claim 1 or claim 2 T wherein the ligand is 
«f!lfi4T||%mobilis]ecl?on of within a 1 solid support** '^.i?^-5|^H r 4fe-^h^ . . - \- V 

5. A method according to any preceding claim, wherein the ligand is of 
the fallowing formula: 
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Ri, R2 and R3 ar , independently, substituted C2 to C 4 
linkages; and 

R4 and Rs are, independently, H or an optionally 
halogenated aliphatic or aromatic hydrocarbon group. ■ 



^^^ri^^J i^u-BH' 1 A method? according' to claim 5? ? cbmpHslrjg' J 1he; further steps of: 
contacting the ligand-bound salt with an aqueous ammoniacal solution to 
10 produce an aqueous ammoniacal solution of the metal salt; and electrolysing 
said solution to produce elemental metal and an ammonium salt. 

7. A method according to any of claims 1 to 4, wherein the ligand has 
j jfliHiaf cation}, binding Isjte comprising i l at : least ope ! coordinating ^acW group =gnd an 
15 anion binding site comprising at least one prptonatable base. 



8. A method according to claim 5, wherein the ligand has the following 



formula: 




■ i! 
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where 



X represents a C 2 to C4 linkage, in which the carbon'-atoms 
may be substituted or unsubstituted and may optionally form 
part of a ring structure; 



10 



n = 2, 3 or 4; 

- . . _ .... .. ... , .. ; .-j .j , 

Re. R7, Rs and Rs are each, independently, H onan optionally 
halogenated aliphatic or aromatic hydrocarbon; and ' ■ 



R'R" are tertiary amine groups, the R' and R" groups 
optionally forming a heterocyclic ring. 

15 9. A method according to claim 7 or claim 8, comprising the ^further 

steps of; contacting the ligahd-bound salt with a strong acid to protonate the 
ligand and release the metal cation(s); and electrolysing the resulting solution to 
product elemental metaL 



10. A method according to claim 9, comprising the further- step of 

i 

contacting the ligand-bound anion(s) with an ammoniacai solution; to neutralise 
saicTsolution and produce an ammonium salt. 



25 



11. A method according to any of claims 8 to 10, wherein NR'R" is a 
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Field of the invention 

5 This invention relates to the extraction of metal salts from aqueous 

solutions. More specifically it relates to methods for extracting metal cations and 
their associated anions which avoid returning any ionic species to the solution, 
thus leaving the acidity of the solution unchanged and purifying it by de- 
ionisation. Methods according to the invention are of use particularly (though not 
10 exclusively) in waste remediation and in the recovery of metals from primary 
sources. 

Background 

15 

Two main methods are currently used for the extraction of metallic ions 
from solution. Both involve the use of an extractant reagent: in the first method 
this is mixed with the solution from which the metal ions are to be removed 
("solvent extraction"), and in the second it is immobilised on a solid support. 

20 

Current solvent extraction technology is based on the reaction scheme 
shown schematically in Figure 1 . In this system an acidic extractant is used to 
remove a metal cation from an aqueous feed stream. The metal n* cation is 
replaced by n protons and the anion is left in the solution. The overall effect on 
25 the feed stream is to replace a metal salt MX with a mineral acid H„X and this 
leads to an increase in the acidity of the aqueous feed stream. 

This type of reaction is widely used for the extraction of copper from oxidic 
ores, the acid introduced into the stream reacting with insoluble metal oxides to 
3 0 give soluble metal salts. Indeed, this reaction scheme is particularly suited to the 
extraction'of metals- from metal oxides since the overall reaction has a perfect 
mass balance equation: 



MO + Power = M + !40 2 
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phenolic protons are then displaced and protonate the nitrogen atoms of the 
tertiary amine groups, producing a positively charged binding site for the anion. 
The precise binding mechanism for the Type I ligands has yet to be elucidated. 
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5 Use of either class of ligand is effective to remove both the cations and 

anions of a metal salt from the feed stream. When decontamination of the feed 
stream is the sole aim, removal of the metal salt may be regarded as an end in 
itself. In most cases however, it is desired to extract the cations as elemental 
metal, and indeed this is the primary aim of ore extraction methods. A major 
10 advantage of the method of the invention is that the anion may also retrieved; for 
instance the anion (such as sulphate) may be precipitated as an ammonium salt, 
which may then be used as fertiliser. As a result, this ligand is regenerated in 
unbound form, and may be recycled for future use. 

15 The method of cation and anion precipitation depends on the class of 

ligand. For Type 1 ligands, contact with an aqueous ammoniacal solution 
liberates an ammoniacal solution of the metal salt from which the metal can be 
electrolysed. The electrolysis step produces metal and acid. Continual addition 
of ammonia to the system is required to neutralise the acid produced, and a by 

20 product of the reaction is an ammonium salt. For Type II ligands, the metal 
cation may also be recovered by contacting with strong acid. The metal cation 
rvT in the hydrocarbon solution is replaced by n protons generating the 'acid* 
form of the reagent LH n X. This allows electrolysis of the metal from an acidic 
medium. The resulting solution is then contacted with ammonia solution, 

25 regenerating the reagent L and producing an ammonium salt as a by product 

in each case the overall reaction is the same, and may be represented by 
the reaction scheme illustrated in Figure 2. The overall mass balance for this 
system is: 
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MS + 1%0 2 + H 2 0 + 2NH 3 + Power = M + (NH^SO^ 



In a waste remediation application, for example removal of metal salts 



25 
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from acid mine drainage streams, the reaction scheme is illustrated in Figure 3; 
the overall mass balance is: 

MS0 4 + H 2 0 + 2NH 3 + Power = M + (NH 4 ) 2 S0 4 + y 2 0 2 

5 

The Type I ligands are known in the literature, though not for the purpose 
of removing metal salts from aqueous solutions as in the present invention; their 
synthesis will therefore not be described herein. To illustrate the efficacy of 
ligands of this type in removing metal salts from aqueous solution, a 0.1M 
10 solution in toluene of Type I ligand (R, = Rj = R 3 = -CH 2 CH 2 -; R 4 =Rg= C 9 H 19 ) was 
contacted with a 0.1M aqueous solution of nickel sulfate. A light blue toluene 
solution was formed, analysis of which showed that approximately 80% of both 
Ni 2 * and S0 4 2 " ions had been transferred to the organic phase. 

15 Detailed description 

The invention is described hereinafter in more detail with reference to the 
synthesis and activity of various ligands of the Type II formula. The following is a 
representative sample of various different Type II ligands: 

20 
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TBu 8^9- 10 11 

Nonyl 12 13 14 15 
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CLAIMS 



1 . A method of extracting both the cation(s) and anion(s) of a metal 
salt from an aqueous medium, the method comprising the steps of: contacting 

5 the aqueous medium with a bifunctional iigand capable of binding both said 
cation(s) and said anion(s) so as to form a complex comprising said Iigand and 
said cation(s) and anion(s); selectively stripping and recovering said cation(s) 
and said anion(s) from said complex; and recovering said Iigand, free of said 
cation(s) and anion(s), for future use. 

10 

2. A method according to claim 1, wherein the iigand has a greater 
affinity for a water-immiscible extraction medium than it does for said aqueous 
medium, the method involving the steps of: adding a said water-immiscible 

15 extraction medium to said aqueous medium, whereby said Iigand with said 
cation(s) and said anion(s) bound thereto is partitioned preferentially in a water- 
immiscible phase; and separating said water-immiscible phase with said ligand- 
bound cation(s) and anion(s) therein from said aqueous medium. 



20 3. A method according to cfaim 1, wherein the Iigand is immobilised 

on or within a solid support 

4. A method according to any of ciaims 1 to 3, wherein the Iigand is of 
the following formula: 

25 
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where R, s R 2 and R 3 are, independently, substituted C 2 to C 4 

linkages; and 

R 4 and Rg are, independently, H or an optionally 
5 halogenated aliphatic or aromatic hydrocarbon group. 

5. A method according to claim 4, comprising the further steps of: 
contacting the Hgand-bound salt with an aqueous ammoniacal solution to 
produce an aqueous ammoniacal solution of the metal salt; and electrolysing 

10 said solution to produce elemental metal and an ammonium salt 

6. A method according to any of claims 1 to 3, wherein the ligand has 
a cation binding site comprising at least one coordinating acid group and an 
anion binding site comprising at least one protonatable base. 



IS 
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7. A method according to claim 6, wherein the ligand has the 
following formula: 
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where: X represents a C 2 to C A linkage, in which the carbon atoms 
may be substituted or unsubstituted arid may optionally form 
part of a ring structure; 

n = 2, 3 or 4; 

Re, R 7 , R 8 and Re are each, independently, H or an 
optionally halogenated aliphatic or aromatic hydrocarbon; 
and 

R'R" are tertiary amine groups, the R' and R" groups 
optionally forming a heterocyclic ring, 

8. A method according to claim 6 or claim 7, comprising the further 
steps of: contacting the ligand-bound salt with a strong acid to protonate the 
ligand and release the metal cation(s); and electrolysing the resulting solution to 
product elemental metal. 

9. A method according to claim 8, comprising the further step of 
contacting the ligand-bound anion(s) with an ammoniacal solution, to neutralise 
said solution and produce an ammonium salt 

10. A method according to any of claims 7 to 9, wherein NR'R" is a 
morpholine or piperidine ring. 
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Dear Sirs 

International Patent Application PCT/GBOO/01251 
in the name of The University Court of 
The University of SdirLburcrh 

This is in response to the Written Opinion dated 21st December 
2000. 

I file herewith new pages of the description and claims to 
replace pages I, 7 , 8, 23, 24 and 25 as currently on file. Pages 
1, 7, and 3 have been amended to take into account the Examiner's 
first point concerning section VII of the Written Opinion. The 
amendment: to the claims has the effect of removing from claim 1 
the requirement for recovery of the ions and ligand, since these 
seeps are not essential to the functioning of the invention. 
Supper" for this amendment may be found, for instance , at the 
paragraph commencing at line 2 4 on page 2 of the original 
specification, which makes it clear that the essence of the 
invention is to "extract; metal cations from a ^ solution and to 
simultaneously extract their associated aniens 11 . The final 
sentence of that paragraph reads "Additionally, the ligands we 
have developed permit both the anions and the cations to be 
recovered by stripping methods, with the result that the ligand 
may be then reused" . It is also stated (at lines 6 to 9 on page 
7) chat "When decontamination of the feed stream is the sole aim, 
removal of the metal salt may be regarded as an end in itself. 
In most cases, however, it is desired to extract the cations as 
elemental metal...". It is clear from these passages that the 
recover/ step, although advantageous , is not essential. 

The Examiner alleged that original claims L, 2, 3 and. 6 were 
rendered lacking in novelty with respect: to DE 36 07 98Z ("Dl") . 
However, Z submit that* this is not the case and. furthermore that 
DL does, not render amended- claim' 1- (or any o£ the- other: claims) 
lacking: in. novelty or in. inventive: step:. In contrast with: the 
bif unctional Ligands^ of: ther present invention:, DL relates: to* the: 
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21st May 2001 



International Patent Application PCT/GB00/01251 
in the name of The University Court of 
The University of Edinburgh. 



desalination of water by treatment with an organic solution of 
an onium salt. The non-aqueous solution of the onium salt is 
contacted with an aqueous solution containing the ions to be 
removed, and the cations in the aqueous phase are extracted by 
the anions of the onium salt into the organic phase. The cations 
of the onium salt and the anions in the aqueous phase are 
precipitated. Therefore three phases result. This is an 
application of a well-known procedure known as metathesis. 

In contrast, the method of the present invention involves the use 
of a bifunctional ligand which extracts both the cation and anion 
from the aqueous medium, resulting in a neutral complex from 
which recovery of cation, anion and ligand is readily possible 
(although not essential, as pointed out above). The claimed 
method is thus wholly different from that described in Dl, and 
there is no basis for alleging that Dl either anticipates or 
renders obvious the methods claimed. 

As the remaining claims are all dependent from claim 1, I do not 
believe that it is strictly necessary for me to address the 
Examiner's further objection to claim 3 (now claim 4) . 
Nevertheless, I believe that it is pertinent to point out that 
the immobilised ligand of claim 4 is not of the same nature as 
the solid ion-exchange materials mentioned in the introductory 
portion of the specification (for example in the paragraph 
commencing at line 17 on page 2) . Ion exchange materials operate 
by replacing one ion with another, whereas the immobilised 
ligands of the present invention extract both cations and anions 
without introducing replacement ions. 

I believe that the amendment to the claims will meet . the 
Examiner's objection concerning Section VIII of the Written 
Opinion, at least insofar as claim 1 is concerned. The language 
in question now appears in claim 2, but I see no reason why its 
terms should be in any way unclear to the skilled person. The 
stripping methods defined in more detail in claims 6, 9 and 10 
(previously claims 5, 8 and 9) are merely exemplary and it is not 
thought appropriate to combine the subject matter of any of these 
with that of claim 2 . 

I look forward to receiving a positive International Preliminary 
Examination Report in due course. 

Yours faithfully, 
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EXTRACTION OF METAL SALTS 



Field of the invention 

5 This invention relates to the extraction of metal salts from aqueous 

solutions. More specifically it relates to methods for extracting metal cations and 
their associated anions which avoid returning any ionic species to the solution, 
thus leaving the acidity of the solution unchanged and purifying it by deionisation. 
Methods according to the invention are of use particularly (though not 

10 exclusively) in waste remediation and in the recovery of metals from primary 
sources. 

Background 

15 Two main methods are currently used for the extraction of metallic ions 

from solution. Both involve the use of an extractant reagent: in the first method 
this is mixed with the solution from which the metai ions are to be removed 
("solvent extraction"), and in the second it is immobilised on a solid support. 

20 Current solvent extraction technology is based on a system in which an 

acidic extractant is used to remove a metal cation from an aqueous feed stream. 
The metal n + cation is replaced by n protons and the anion is left in the solution. 
The overall effect on the feed stream is to replace a metal salt MX with a mineral 
acid H n X and this leads to an increase in the acidity of the aqueous feed stream. 

25 

This type of reaction is widely used for the extraction of copper from oxidic 
ores, the acid introduced into the stream reacting with insoluble metal oxides to 
give soluble metal salts. Indeed, this reaction scheme is particularly suited to the 
extraction of metals from metal oxides since the overall reaction has a perfect 
30 mass balance equation: 

MO + Power = M + y 2 o 2 



7 

phenolic protons are then displaced and protonate the nitrogen atoms of the 
tertiary amine groups, producing a positively charged binding site for the anion. 
The precise binuing 1 1 ieo iai msi n iui mc i ype i nycu i^o i iao y^i lu 1^ ciuuuqlou. 

Use of either class of ligand is effective to remove both the cations and 
anions of a metal salt from the feed stream. When decontamination of the feed 
stream is the sole aim, removal of the metal salt may be regarded as an end in 
itself. In most cases, however, it is desired to extract the cations as elemental 
metal, and indeed this is the primary aim of ore extraction methods. A major 
advantage of the method of the invention is that the anion may also retrieved; for 
instance the anion (such as sulphate) may be precipitated as an ammonium salt, 
which may then be used as fertiliser. As a result, this ligand is regenerated in 
unbound form, and may be recycled for future use. 

The method of cation and anion precipitation depends on the class of 
ligand. For Type I ligands, contact with an aqueous ammoniacal solution 
liberates an ammoniacal solution of the metal salt from which the metal can be 
electrolysed. The electrolysis step produces metal and acid. Continual addition 
of ammonia to the system is required to neutralise the acid produced, and a by 
product of the reaction is an ammonium salt. For Type II ligands ; the metal 
cation may also be recovered by contacting with strong acid. The metal cation 
M n+ in the hydrocarbon solution is replaced by n protons generating the 'acid' 
form' of the reagent LH n X. This allows electrolysis of the metal from an acidic 
medium. The resulting solution is then contacted with ammonia- solution, 
regenerating the reagent L and producing an ammonium salt as a by product. 

In each case the overall reaction is the same. The overall mass balance 
for this system is: 

MS + IY2O2 + H 2 0 + 2NH 3 + Power = M + (NHUhSCU 

In a waste remediation application, for example removal of metal salts 



8 

from acid drainage streams, the overall mass balance is: 

MSO4+ H 2 0 + 2NH 3 + Power = M+ (NH 4 ) 2 S0 4 + 140 2 

5 The Type 1 ligands are known in the literature, though not for the purpose of 
removing metal salts from aqueous solutions as in the present invention; their 
synethesis will therefore not be described herein. To illustrate the efficacy of 
ligands of this type in removing metal salts from aqueous solution, a 0.1M 
solution in toluene of Type I ligand (R1 = R 2 = R3 = -CH2CH2-; R4=Rs=C9Hi 9 ) was 

10 contacted with an 0.1 M aqueous solution of nickel sulfate. A light blue toluene 
solution was formed, analysis of which showed that approximately 80% of both 
Ni 2+ and S04 2 *ions had been transferred to the organic phase. 

Detailed description 

15 

The invention is described hereinafter in more detail with reference to the 
synthesis and activity of various ligands of the Type II formula. The following is a 
representative sample of various different Type II ligands: 
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CLAIMS 



1. A method of extracting both the cation(s) and anion(s) of a metal 
5 salt from an aqueous medium, the method comprising the step of contacting the 
aqueous medium with a bifunctional ligand capable of binding both said cation(s) 
and said anion(s) so as to form a complex comprising said ligand and said 
cation(s) and anion(s). 

10 2. A method according to claim 1 , further comprising the steps of: 

selectively stripping and recovering said cations(s) and said anions(s) from said 
complex; and recovering said ligand, free of said cations(s) and anion(s), for 
future use. 

15 3. A method according to claim 1 or claim 2, wherein the ligand has a 

greater affinity for a water-immiscible extraction medium than it does for said 
aqueous medium, the method involving the steps of: adding a said water- 
immiscible extraction medium to said aqueous medium, whereby said ligand 
with said cation(s) and said anion(s) bound thereto is partitioned preferentially in 

20 a water-immiscible phase; and separating said water-immiscible phase with said 
ligand-bound cation(s) and anion(s) therein from said aqueous medium. 

, 4. A method according to claim 1 or claim 2, wherein the ligand is 
immobilised on or within a solid support. 



25 



A method according to any preceding claim, wherein the ligand is of 



the following formula: 
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where Ri, R2 and R3 are, independently, substituted C2 to C4 

linkages; and 

5 . R4 and R5 are, independently, H or an optionally 

halogenated aliphatic or aromatic hydrocarbon group. 

6. A method according to claim 5, comprising the further steps of: 
contacting the ligand-bound salt with an aqueous ammoniacal solution to 
10 produce an aqueous ammoniacal solution of the metal salt; and electrolysing 
said solution to produce elemental metal and an ammonium salt. 



7. A method according to any of claims 1 to 4, wherein the ligand has 
a cation binding site comprising at least one coordinating acid group and an 

15 anion binding site comprising at least one protonatable base. 

8. A method according to claim 5, wherein the ligand has the following 
formula: 



20 
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where X rsprGssnts a C2 to C4 linkage, in which the carbon atoms 

may be substituted or unsubstituted and may optionally form 
5 part of a ring structure; 

n = 2, 3 or 4; 

R6, R7, R 8 and R 9 are each, independently, H or an optionally 
10 halogenated aliphatic or aromatic hydrocarbon; and 

R'R" are tertiary amine groups, the R' and R" groups 
optionally forming a heterocyclic ring. 

15 9. A method according to claim 7 or claim 8, comprising the further 

steps of: contacting the ligand-bound salt with a strong acid to protonate the 
ligand and release the metal cation(s); and electrolysing the resulting solution to 
product elemental metal. 

20 

10. A method according to claim 9, comprising the further step of 
contacting the ligand-bound anion(s) with an ammoniacal solution, to neutralise 
said*solution and produce an ammonium salt. 

25 11. A method according to any of claims 8 to 10, wherein NR'R" is a 

morpholine or piperidine ring. 
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the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 2-1 1 

No: Claims 1 

Inventive step (IS) Yes: Claims 2-1 1 

No: Claims 1 

Industrial applicability (IA) Yes: Claims 1 -1 1 

No: Claims 



2. Citations and explanations 
see separate sheet 
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Cone, section V: 



(1) 

As acknowledged in the description, on page 3, I. 1-20 of the description, bifunctional 
ligands for simultaneous binding of cations and anions are already known. Present 
claim 1 now defining in a broader manner than originally a method of extracting both 
the cations and anions of a metal salt from an aqueous medium by contacting it with 
such bifunctional ligand is not considered novel or is at least not inventive in view of the 
cited prior art on page 3 of the application. 

Claim 1 does not therefore fulfil the requirements of article 33(2) or (3) PCT. 
(2) 

The above cited prior art in the application apparently does not suggest the effective 
multiple use of such ligands after binding cations and anions from aqueous media and 
selectively stripping and recovering them from the thus obtained complex. 
DE-A-3607982 (D1) cited in search report apparently does not disclose the use of 
bifunctional ligands and the formation of a complex with all three of them. D1 moreover 
uses onium salts the cations of which form with anions of the aqueous phase non 
soluble salts in the organic phase and the anions thereof form with the cations of the 
aqueous phase soluble salts which are precipitated. 

The use of such bifunctional ligands with the purpose of recovering the cations and 
anions from an aqueous medium and upon stripping recovering the ligand for reuse as 
defined in present claim 2 can be regarded as a novel and inventive concept. 

Claim 2 in combination with claim 1 and dependent claims thereon 3-1 1 would 
therefore fulfil the requirements of article 33(2) and (3) PCT. 
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1 . This written opinion is the first drawn up by this International Preliminary Examining Authority. 

2. This opinion contains indications relating to the following items: 

I ^ Basis of the opinion 



II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 




VIII 





citations and explanations supporting such statement 

Certain document cited 

Certain defects in the international application 



3. The applicant is hereby invited to reply to this opinion 
When? 



How? 



Also: 



See the tims limit indicated above. The applicant may, before the expiration of that time limit, 
request this Authority to grant an extension, see Rule 66.2(d). 

By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 
For the form and the language of the amendments, see Rules 66.8 and 66.9. 

For an additional opportunity to submit amendments, see Rule 66.4. 

For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4 bis. 

For an informal communication with the examiner, see Rule 66.6. 



If no reply is filed, the international preliminary examination report will be established on the basis of this opinion. 

4. The final date by which the international preliminary 

examination report must be established according to Rule 69.2 is: 31/07/2001 . 



Name and mailing address of the international 
preliminary examining authority: 

European Patent Office 

D-80298 Munich 
Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Authorized officer / Examiner 
Grigoraki, E 



Formalities officer (incl. extension of time limits) 

Gregoire, J-P 

Telephone No. +49 89 2399 8041 




Form PCT/IPEA/408 (cover sheet) (January 1994) 



WRITTEN OPINION 



international application No. PCT/GB00/01 251 



I. Basis of the opinion 

1 . This opinion has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office 
in response to an invitation under Article 14 are referred to in this opinion as "originally filed".): 

Description, pages: 

1 -22 as originally filed 

Claims, No.: 

1-10 as originally filed 



2. With regard to the language, ail the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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WRITTEN OPINION 



International application No. PCT/GB00/01 251 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrialapplicability; 
citations and explanations supporting such statement 



Industrial applicability (IA) Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 



1. 



Statement 
Novelty (N) 

Inventive step (IS) 



Claims 1,2,6 



Claims 3 
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Cone, S .ction V: 

Reference is made to the following document: 
D1: DE 36 07 982 A 
claims 1,2,3,6: 

D1 discloses a method of extracting both the cation(s) and anions(s) of a metal salt 
from an aqueous medium by contacting said medium with a Afunctional ligand. D1 
appears to be novelty destroying for the subject matter of claims 1 , 2 and 6. 
Claims 1 , 2 and 6 do not fulfil the requirements of article 33(2) PCT. 
The subject matter of claim 3 is apparently known in the art as acknowledged also in 
the description so that said claim does not define an inventive concept; claim 3 does 
not fulfil the requirements of article 33(3) PCT. 

claims 4,5,7-10: 

The method using the ligands as defined in claims 4 and 6 is novel and is also 
considered inventive in view of D1 . Claims 4,5 and 7-10 fulfil therefore the requirements 
of articles 33(2) and (3) PCT. 

Cone, Section VIII: 

The step of recovering the cations/anions and ligand is not clearly defined so that claim 
1 is objectionable under article 6 PCT. To overcome this objection the subject matter of 
claims 5 or 8/9 appears to be essential to be incorporated into claim 1 . 

Cone. Section VII: 

> The reference to figures 1 ,2 and 3 on pages 1 and 7/8 of the description is not 
understandable since no such figures were found in the original documents; any such 
reference in the description should therefore be deleted. 

» To be in accordance with the requirements of Rule 5.1 (a)(ii) PCT, the relevant 
background art disclosed in the document D1 should be mentioned in the description. 
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Correspondence with the EPO on PCT Chapter II demands 



In order to ensure that your PCT Chapter II demand is dealt with as promptly as possible you are 
requested to use the enclosed self-adhesive labels with any correspondence relating to the demand sent 
to the Munich Office. 

One of these labels should be affixed to a prominent place in the upper part of the letter or form etc. which 
you are filing. 



